Purpose:
To compare the effect of an apodized diffractive intraocular lens (IOL) (Acrysof ReSTOR Natural TM ) and its yellow counterpart (Natural IQ TM ) on frequency doubling technology (FDT) perimetry results. Methods: This study included 37 eyes from 22 patients at the "Centro Oftalmológico Tranjan" who had undergone uncomplicated phacoemulsification and intraocular lens implantation (17 Acrysof ReSTOR Natural TM , 20 Natural IQ TM ) performed by the same surgeon, at least three months prior to the study. Patients were subject to frequency doubling technology Matrix Perimeter testing. Results: The patients were between 41 to 79 years old (mean, 70.78 ± 9.83) in the Natural IQ TM and 49 to 81 years old (mean, 67.11± 11.48) in the Acrysof ReSTOR Natural TM group, and the mean IOP was 13.64 ± 2.02 mmHg in the Natural IQ TM 12.94 ± 1.39 mmHg in the Acrysof ReSTOR Natural TM group. The mean pupillary diameter under scotopic conditions was 6.63 ± 1.16 mm in the Natural IQ TM group and 7.20 ± 1.8 mm in the Acrysof ReSTOR Natural TM group (p=0.20). The mean deviation was -1.83 ± 3.46 dB in the Natural IQ TM group and -1.77 ± 3.94 dB in the Acrysof ReSTOR Natural TM group (p=0.28). The pattern standard deviation was 3.49 ± 0.79 dB in the Natural IQ TM group and 3.20 ± 0.86 dB in the Acrysof ReSTOR Natural TM group (p=0.27). Conclusion: There was no difference in the results of FDT Matrix perimetry in eyes that received apodized diffractive IOLs implant or eyes that received monofocal intraocular lens implant.
INTRODUCTION
Multifocal intraocular lenses (IOLs) are emerging as useful tools for cataract and refractive surgeons (1) (2) . A recent addition to the market of presbyopia-correcting IOLs is Acrysof ReSTOR Natural TM (Alcon Laboratories, Inc, Fort Worth, TX), which was approved by the Food and Drug Administration (FDA) on March 21, 2005 . The Acrysof ReSTOR Natural TM IOL employs both refractive and diffractive technologies. A unique feature of the ReSTOR lens is the apodized diffractive optics. Apodization refers to the gradual transition of optical properties from the center of a lens to its periphery. Specifically, apodization is the gradual tapering of diffractive steps from the center to the outside edge of the lens to create a smooth transition between the distant, intermediate, and near focal points (3) . Previous studies have shown that although this type of IOL enhances distant and near visual acuity (VA), it may reduce contrast sensitivity (4) (5) (6) (7) (8) . Frequency doubling technology (FDT) perimetry is based on the frequency doubling illusion (9) . The test stimulus is a series of white and black bands that flicker at 25 Hz (10) . The FDT perimetry is thought to be mediated by a subset of large diameter ganglion cells, called MY ganglion cells, which project to the magnocellular visual pathway (11) . These cells are sensitive to motion and contrast and may be considered vulnerable to damage from glaucoma (12) . Based on this observation, FDT has been developed as a novel psychophysics test to detect early glaucoma damage. Apodized diffractive IOLs can cause contrast sensitivity changes and therefore visual field testing with FDT could theoretically be negatively influenced to some extent. Patients with apodized diffractive IOLs may develop glaucoma in the future; therefore, it is important to assess the influence of an apodized diffractive IOL on the outcome of FDT (13) (14) (15) . The aim of this study was to compare the effect of an apodized diffractive IOL (Acrysof ReSTOR Natural TM ) and its yellow counterpart (Natural IQ TM [Alcon Laboratories, Inc, Fort Worth, TX]) on FDT Matrix perimetry results.
METHODS
Thirty seven eyes from 22 patients that were subjected to uncomplicated phacoemulsification and IOL implantation with either Acrysof ReSTOR Natural TM or Natural IQ TM were selected. The procedures were performed by the same surgeon at least 3 months prior to this study. The study was approved by the Ethics Committee of the Federal University of São Paulo, and informed consent was obtained from each patient prior to examination. Inclusion criteria were: uncorrected VA of 20/30 and J2; no previous eye surgery; no other eye disease; normal intraocular pressure (IOP); and a normal optic disc. Patients that met the inclusion criteria were trained with the screening Matrix program 30 minutes prior to the normal 24-2 full-threshold strategy FDT perimetry (Humphrey Matrix Perimeter TM , Carl Zeiss Meditec, Dublin, California) testing. The technician was not aware which kind of IOL each patient received. Both in the training exam and in the 24-2 FDT perimetry, the right eyes were usually initially tested. The pupillary diameter was measured by a technician using the Matrix Perimeter's video eye monitoring feature. The reliability criteria for the Matrix test included fixation losses less than 20%, and false-negative and false-positive responses less than 33%, according to the manufacturer's recommendation (16) . FDT Matrix exams do not require an eye patch, and trial lenses are only required beyond ± 3 diopters. Patients were not corrected when performing FDT Matrix testing because they already had a J2 of 33 cm without correction.
Statistical analysis
Pupillary diameter, mean deviation (MD), and pattern standard deviation (PSD) were compared between the two groups using the t-test corrected for interocular correlation (17) . Both eyes were included whenever possible. A p<0.05 was considered to be statistically significant.
RESULTS
Of the 37 eyes from the 22 patients, 20 received the Natural IQ ™ IOL (8 patients received bilateral implants) and 17 received the Acrysof ReSTOR Natural TM IOL (7 patients received bilateral implants). There were 15 women and 7 men, aged 41 to 79 years old (mean, 70.78 ± 9.83) in the Natural IQ TM and 49 to 81 years old (mean, 67.11 ± 11.48) in the Acrysof ReSTOR Natural TM group (p=0.40). The mean IOP in right eyes (OD) was 13.64 ± 2.2 mmHg in the Natural IQ TM group and 12.88 ± 1.53 mmHg in the Acrysof ReSTOR Natural TM group (p=0.41) and in left eyes (OS) was 13.60 ± 1.9 mmHg in the Natural IQ TM group and 13.00 ± 1.82 mmHg in the Acrysof ReSTOR Natural TM group (p=0.27). The pupillary diameter was measured under scotopic conditions and was 6.63 ± 1.16 mm in the Natural IQ TM group and 7.20 ± 1.8 mm in the Acrysof ReSTOR Natural TM group (p=0.20). The final refractive error in the Natural IQ TM group was -0.1 ± 0.58 spherical equivalents (SE) and in the Acrysof ReSTOR Natural TM group was 0.05 ± 0.18 EE. FDT reliability indices for all patients in this study were good; fixation losses, false-negative, and false-positive findings were all less than 33%. The MD was -1.83 ± 3.46 dB in the Natural IQ TM group and -1.77 ± 3.94 dB in the Acrysof ReSTOR Natural TM group (p=0.28) (Figure 1 ). The PSD was 3.49 ± 0.79 dB in the Natural IQ TM group and 3.20 ± 0.86 dB in the Acrysof ReSTOR Natural TM group (p=0.27) (Figure 2 ).
DISCUSSION
Diffractive lenses are the only therapeutic option for overcoming the loss of accommodation following cataract surgery. The disadvantages of the multifocal strategy are primarily theoretical in nature and are attributed to the division of incoming light between several focal points. In addition, there are clinically relevant disadvantages (18) (19) ; for example, there is a slight reduction in sensitivity to black and white contrast, and halos arise when looking at a bright light source by night. A considerable amount of contrast sensitivity testing has been performed to determine the extent of image quality gained from multifocal implants. In most cases, only minimal impairment has been verified in relation to middle spatial frequencies, which are physiologically the most sensitive (20) (21) (22) . A new version of FDT perimetry, called Matrix, has been recently introduced into clinical practice. A recent cross-sectional study determined that Matrix provided the best diagnostic power for early glaucoma when compared with single Does the apodized diffractive intraocular lens Acrysof ReSTOR Natural TM interfere with FDT Matrix perimetry results? morphological tests including scanning laser polarimetry, Optical Coherence Tomography, and retinal nerve fiber layer photography (23) . Previous reports have suggested that the FDT Matrix learning effect could be easily ruled-out by excluding the first test from analysis (24) . In this study, all patients were pre-trained with the Matrix screening program, and the FDT reliability indices for all patients were good.
The optical profile for the ReSTOR lens provides an equal distribution of light between the two primary images, near and far, for pupil diameters up to 3.6 mm, but as the pupil becomes larger, more of the light is directed to the far lens power. The concept here is that near tasks generally require more illumination, and the accommodative reflex enables constriction of the pupil for near tasks (3) . In this study, the mean pupillary diameter was greater than 3.6 mm in both the Acrysof ReSTOR Natural TM and Natural IQ TM groups, and this parameter did not differ significantly between the two groups.
Previous reports using FDT after cataract surgery have suggested that cataracts affect the FDT measurement, and PSD may serve well as a measure of localized abnormality irrespective of the presence of glaucoma (25) (26) . Some authors studied 44 patients with normal ophthalmic examinations, with the exception of cataracts, that were scheduled to undergo phacoemulsification and posterior chamber lens implantation. All participants underwent FDT perimetry using the full-threshold C-20 strategy. Both eyes were tested 1 month before cataract surgery and for 3 months after surgery. The fellow eyes that were not surgically manipulated served as controls. The authors concluded that a cataract has an adverse effect on MD but not on PSD in FDT perimetry. The MD correlates significantly with VA in eyes that have visually significant cataracts. Following cataract surgery, the change in VA significantly correlates with the adjusted change in MD (25) . Kook et al. performed FDT threshold C20-1 and Humphrey Swedish Interactive Threshold Algorithm (SITA)-fast programs 1 month before and 2 months after phacoemulsification in 52 consecutive nonglaucomatous patients. They showed that cataract surgery, irrespective of clear or yellow IOL implantation, resulted in a significant improvement in MD but not PSD in FDT or SITA-fast. Furthermore, both MD and PSD did not differ significantly between clear and yellow IOLs (26) . Other authors studied 26 cataractous eyes in 26 patients who underwent phacoemulsification and IOL implantation. The intraoperatively IOL implanted cohort was randomly selected from clear (VA60BB, HOYA) and yellow-tinted lenses (YA60BB, HOYA). Three months postoperatively, the FDT 24-2 threshold test was performed three times. MD but not PSD had improved significantly in postoperative eyes as compared to preoperative eyes. Furthermore, there was no significant change in MD or PSD between clear and yellow IOLs. Therefore, when interpreting FDT results, the effect of cataracts must be considered, but the IOL color does not require consideration (27) . In all studies above, the authors did not observe any substantial changes in PSD after cataract surgery and IOL implantation (independent of the type of IOL), and this was similar to the results that were found herein. In our point of view, this is an important finding since increasing of PSD may be one indicator of glaucoma visual field progression, and one of the reasons that we do not implant diffractive IOLs in patients with glaucoma diagnosis is the fact that it might negatively impact the visual field result. Some authors studied 40 eyes of 20 patients in a blue-light filtering fellow-eye controlled study. After cataract surgery, each patient received a yellow-tinted IOL (Acrysof Natural) implant in one eye and a non-yellow-tinted IOL (Acrysof SA60AT) in the fellow eye. Three months postoperatively, monocular contrast sensitivity function was measured with the CSV 1000-E contrast sensitivity chart at a distance, and color discrimination was assessed with the Farnsworth-Munsell 100 Hue test. The contrast sensitivities were similar in the eyes implanted with blue-light filtering IOLs as in the fellow eyes implanted with non-yellow-tinted IOLs. However, due to the small sample size, further studies will be required to evaluate this relationship (28) . This may be used to reinforce our results and our assumption that Acrysof ReSTOR Natural TM IOLs do not cause any contrast sensitivity changes and therefore FDT Matrix testing would not be negatively influenced by that.
In this study, the effect of an apodized diffractive IOL (Acrysof ReSTOR Natural TM and it yellow counterpart, Natural IQ TM ) on FDT perimetry was evaluated. There were no statistically significant differences in the MD or PSD.
No other previous study comparing the effect of an apodized diffractive IOL (Acrysof ReSTOR Natural TM ) on FDT Matrix perimetry came to our knowledge.
However more studies with larger samples are required to confirm these results. 
CONCLUSIONS

